Outer membrane permeation of Bacteroides fragilis by cephalosporins was examined by a previously described method. The permeation parameters of cephalosporins in B. fragilis were close to iO-5 cm3/min per ,ug of cell dry weight. These values were about an order of magnit4de lower than those in Escherichia coli. In B. fragilis, the permeation was not directly proportional to the hydrophilicity of cephalosporins, and the ion selectivity was weak.
nonpolar stationary phase. A sample was dissolved in the acetate-Veronal buffer to give about 3 mg/ml, and 1 to 2 ,ul of the solution was loaded onto the TLC plate.
jI-Lactamase assay. ,B-Lactamase activity was assayed by a modification of the microiodometric method of Novick (8) .
Assay Qf outer membrane permeation by cephalosporins. The assay of outer membrane permeation by cephalosporins was carried out as described previously (11, 16) , except that the bacterial cells were grown in GAM broth for B. fragilis and on antibiotic medium 3 for E. coli. Cultures of 200 ml in the mid-logarithmic growth phase were harvested by centrifugation at 5,000 x g for 15 min at 20°C. Cells were washed once with 0.1 M phosphate buffer (pH 7.0) containing 1 mM magnesium sulfate and were suspended in 30 ml of the same buffer. A portion of cell suspension was sonicated for 2 min at 4°C with an ultrasonic disrupter. This suspension was used to measure the velocity of hydrolysis by disrupted cells (Vdis.pt). The rest of the cell suspension was used directly for the measurement of the velocity of hydrolysis by intact cells (Vintact) . At the same time that vintact was measured, the intact cell suspension was centrifuged quickly for 2 min and ,-lactamase activity of the supernatant was measured (vs.p).
The permeation parameter C (12) and 80% of the overall Vintact in B. fragilis G-210, G-237, and G-242. On the contrary, the overall Vintact was between 2 and 15% of the overall vdis,upt of the same amount of cells.
Although Vintact was low, v was directly proportional to vhntc and v was always lower than Vintact. So, the precision of the permeation parameter obtained might have been high. The permeation parameter C of E. coli W3110 RGN823 outer membrane by cephalothin was 15 x 10-4 + 0.5 x 1O-4 cm3/min per p.g of cell dry weight. When this value was compared with that of the E. coli YA21 outer membrane toward the same compound (2 x 10-4 cm3/min per ,g of cell dry weight) (12; A. Yamaguchi, N. Tomiyama, R. Hiruna, and T. Sawai, submitted for publication), the reliability of our result was found to be acceptable.
The relationship between outer membrane permeation by a series of monoanionic cephalosporins and the hydrophilicity of the cephalosporins in B. fragilis is shown in Table 1 . The hydrophilicity of cefoperazone was low; this was followed by the hydrophilicities of cephalothin, cefamandole, cefazolin, and ceftezole. Permeation by cephalosporins was nearly equal; i.e., the permeation parameter C was 0. These values were about an order of magnitude lower than those in E. coli.
Effect of electrical charge on rates of penetration. Zimmermann and Rosselet (16) have noted that cephaloridine diffuses across the outer membrane much faster than expected from its hydrophilicity. Since cephaloridine is zwitterionic,
unlike the other cephalosporins they tested, this result suggests that the additional positive charge may accelerate the diffusion process. So, we tested the effect of electrical charge on rates of penetration ( Table 2 ). The permeability of cephalorndine as a zwitterionic cephalosporin was compared with that of cephalothin as a monoanionic cephalosporin, which was similar in hydrophilicity. The cephaloridine/ cephalothin ratio was 0.93 to 1.48. The result suggests that the additional positive charge does not accelerate the diffusion process. On the other hand, the permeation by cephaloridine was also compared with that by cefsulodin, which has an additional negative charge. The cephaloridine/cefsulodin ratio was 2.50 to 4.67. These results suggest that the additional negative charge slightly decelerates the diffusion process.
Malouin and Lamothe (3) have demonstrated by an agar dilution technique that a permeation barrier may influence the activity of ,B-lactams against the B. fragilis group determined with or without EDTA. Olsson et al. (10) have demonstrated the outer membrane permeation of five highly resistant strains of B. fragilis by cephaloridine, which was determined by measuring their crypticities. As yet, however, there are no data for permeation by 13-lactam antibiotics by the method of Zimmermann and Rosselet (16) . We examined the outer membrane permeation by cephalosporins using the method of Zimmermann and Rosselet (16) . The permeation parameters of B. fragilis by cephalosporins were close to 10-5 cm3/min per ,ug of cell dry weight. When these values were compared with the permeation parameters of E. coli by the same compounds, it is clear that the outer membrane permeation of B. fragilis was about an order of magnitude lower than those of E. coli (12) .
Although the permeation was directly proportional to the hydrophilicity of cephalosporins in E. coli (7, 12) and Proteus sp. (5), it was not in B. fragilis. It is also known that the additional positive charge of the solute molecule accelerates the diffusion process through the porin pores in E. coli and Proteus sp. but that an increase in negative charge markedly decreases the permeation by solutes (1, 5, 7, 13) . In B. fragilis, the additional positive charge did not accelerate the diffusion process and the additional negative charge slightly decelerated the diffusion process. The ion selectivity was weak.
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